thuringiensis.
Introduction
The genus Bacillus is classified into three groups (I, II and III) by the morphology of spores and sporangia [1, 2] . Bacillus cereus and Bacillus thuringiensis are classified within group IA. These bacteria are similar in their shape, size and auxotrophy, except for the existence of a crystal protein. Consequently, B. thuringiensis has been conCorrespondence to: M. Suzuki, Tohoku College of Pharmacy, Department of Microbiology, 4-4-1 Komatsushima, Aobaku, Sendai, Miyagi 981, Japan. sidered a subspecies of B. cereus and classified as one of a variety of B. cereus based on the serological property by the agglutination test [3] .
Previously we reported that enzyme-linked immunosorbent assay (ELISA) for the classification of the flagellar serotype of B. cereus had greater sensitivity than that of the agglutination test [4, 5] . When each flagella of 23 strains of B. cereus was solubilized by HCI at pH 2.0, it showed cross-reactivity with anti-flagellar sera but did not show any specificity by the ELISA method. This crossreactivity among 23 serotypes of B. cereus indicated the expression of a common antigenic epitope.
In this report we attempt to elucidate the existence of a new common antigenic epitope between B. cereus and B. thuringiensis using monoclonal and polyclonal anti-flagellar antibodies.
Materials and Methods

Bacterial strains and preparation of flagellar antigens
The flagellar serotype H.1 to H.23 strains of B. cereus and B. thuringiensis (epithet; Berliner, Alesti, Kurstaki HD-(1, 73, 74, 263), Sotto, Dendrolimus, Galleriae, Entomocidus, Subtoxicus, Aizawai (IPL, juroi, 10792-2), Morrisoni, Darmstadiensis, Kyushuensis, Israelensis (bulla, DNR-60A), Indiana) used in the experiment were cultured in H-broth (Difco Laboratories, Detroit, MI) with 0.1% Noble agar, using a Craigie tube at 35°C. Flagellar antigen (H antigen) was prepared according to the previous paper [5] .
Immune electron micrograph
The immune electron micrograph method was performed according to that described in our previous report [5] .
Antibody
Male Japanese white rabbits (Japan SLC, Sizuoka, Japan) were immunized at one-week intervals by repeated subcutaneous injections of purified B. cereus H.1 antigen, 2 mg/rabbit, three times with Freund's Complete Adjuvant. The rabbits were then immunized at two-day intervals by repeated intravenous injection of purified antigen, 2 mg/rabbit, three times. One week after the final injection, the anti-flagellar titer was checked. The serum was designated as anti-flagellar polyclonal antibody (AF pAb).
H15A5 mAb against common B. cereus H antigen was the same as that used in the previous study [4] .
Measurement of antibody titer by ELISA
The ELISA method was identical to that described in our previous report [5] . 
Electrophoresis and immunoblot method
The flagellar preparation was treated with dissociating buffer, 2.5% SDS and 5% 2-mercaptoethanol in phosphate buffer for 15 min in boiling water. Four /xg of the sample was applied on 12.5% PhastGel Homogeneous (Pharmacia LKB Biotechnology, Uppsala, Sweden), using the Phast system (Pharmacia LKB Biotechnology), loaded at 250 V, 10 mA, 3 W, 15 and 70 Vh. After loading, the gel was stained by Coomassie staining to detect protein bands and transferred to a nitrocellulose membrane (Millipore, Tokyo, Japan) using transfer buffer (25 mM Tris, 192 mM glycine and 20% methanol). The membrane was washed with phosphate buffered saline having magnesium and calcium ions removed (PBS -) at 4°C overnight to remove SDS. The membrane was then blocked by 3% BSA solution overnight. After washing with PBS-containing 0.05% Tween 20 (PBS -/Tw), rabbit anti-B. cereus H pAb or H15A5 mAb was added to the membrane and incubated at room temperature for 2 h. After washing with PBS -/Tw, antibody of peroxidase conjugate goat anti-rabbit immunoglobulin G (IgG) or anti-mouse IgG (Seikagaku Kogyo Co. Ltd., Tokyo, Japan) was added to the membrane and incubated at room temperature for 4 h. After washing with PBS -/Tw, the oxidized products of bands were detected by the chemiluminescent reaction of luminol and exposed on X-ray film using the ECL Western blotting detection system (Amersham Japan Co. Ltd., Tokyo, Japan).
Result
Specificity olAF pAb
To confirm the epitope site against AF pAb on the surface of the flagella, an immunogold microscopic assay was performed using immunogold beads coated with anti-rabbit IgG. Figure 1 shows the result of the assay against B. cereus H.1 cells treated with AF pAb that was labeled with goat anti-rabbit IgG conjugate to 15-nm gold particles. The result indicated that the antibody reacted with the flagella specifically. 
Immunoblot analysis of B. cereus flagella by AF pAb
Examining the serotype-specific and the common epitopes of B. cereus, H antigens from B. cereus H.1 to 23 were separated by SDS-PAGE. The protein bands of gel were checked by Coomassie staining. The gel was then applied to immunoblot against AF pAb. As shown in Fig. 2 , lane 1, AF pAb showed many bands against H.1 antigen, but this antibody reacted with the 61-kDa band of H.2-5 antigens (Fig. 2, lanes 2-5) . The H antigens of other strains (H.6-23) against AF pAb showed the same reaction with H.2-5 antigens (data not shown). Several bands with H antigens of B. cereus H.1 to 23 appeared on the electrophoresed gel after Coomassie staining, and the 61-kDa band was contained in those protein bands (data not shown). These results indicated that there were many bands against H.1 antigen but the only common antigenic band among the strains was the 61-kDa protein.
Cross-reactivity between B. cereus H15A5 mAb and H antigens from B. thuringiensis
We reported previously that H15A5 mAb reacted with the common H antigen of B. cereus strains [4] . Cross-reactivities between the mAb and H antigens from B. thuringiensis were exam- 
Determination of common epitope of flagellar antigens of B. cereus and B. thuringiensis by immunoblot analysis using H15A5 mAb
The common epitope of B. cereus and B. thuringiensis was also examined by SDS-PAGE and immunoblot analysis against H15A5 mAb. As shown in Fig. 4 , only one band of protein was detected by chemiluminescent reaction, and the molecular mass was 61 kDa. These results suggested that the common epitope of B. cereus and B. thuringiensis was the 61-kDa protein of the flagella.
ined. As shown in Fig. 3 
Discussion
Taylor and Gilbert reported a serological distinction between B. cereus and B. thuringiensis [6] . B. thuringiensis has been considered to be one of the subspecies of B. cereus. Antibodies against B. cereus H.18 and H.20 strains were cross-reacted with antigens of B. thuringiensis 4ab and 5ab, respectively, in the agglutination test [1] . The present results demonstrated that the common epitope is presented in the 61-kDa protein in these bacteria, although we did not compare whether or not the common antigenic epitopes existed between B. cereus and B. thuringiensis were exactly the same.
We prepared H15A5 mAb to analyze the common epitope of the flagella [4] . The epitope against H15A5 mAb might be exposed only upon the depolymerized part of the flagella because the mAb was prepared against soluble B. cereus H antigen by decomposing the polymer at pH 2.0. This hypothesis was also suggested from the antigenicity of the SDS-treated flagella, and the antigenicity was found to be much stronger than the non-treated one by the dot-immunoblot analysis of SDS and 2-mercaptoethanol (data not shown).
Since the above-mentioned mAb was shown to cross-react with the H antigens of B. thuringiensis similar to those of B. cereus (Fig. 3) , it is suggested that the common epitope existing in both B. cereus and B. thuringiensis flagella was the 61-kDa protein (Fig. 4) .
Previously we examined the existence of the common epitope among the flagella of B. cereus, E. coli and B. subtilis. However, the cross-reactivity was not recognized amongst them [4] .
It has recently been reported by various researchers that B. thuringiensis produces a toxin similar to that of B. cereus. For example, Samples and Buettner reported ophthalmological illness caused by B. thuringiensis [7] , and Akiyama et al. reported mouse toxicity and allergic disease caused by B. thuringiensis [8] . These reports suggest that, not only the H antigenic property but also a toxin is common between B. cereus and B. thuringiensis, although further detailed study is required. 
